ABSTRACT
INTRODUCTION
The physico-chemical and microbiological conditions of meat products depend on measures that must be followed from the point of preslaughter to the time of consumption. The inside muscle of a healthy animal should be free of microbial contamination. Contamination of meat occurs inevitably during the slaughter and industrial processing and this is the main cause of deterioration (Ercoline et al. 2006 ). In the meat industry, dust, water and the faeces of animals that remain adhered to the skin are considered as the primary and direct sources of contamination of carcasses, especially Enterobacteriaceae (Mcevoy et al. 2000) .
Several techniques have been recommended to control the process of deterioration of meat, involving the use of physical and chemical methods, among others. Noteworthy are the use of refrigeration or modified atmosphere, decontamination of carcasses by the use of organic acids or heated water, and the use of irradiation (Gill 2009 ). The safety and quality of foods such as fresh beef can be estimated by counting the number of indicator microorganisms (Lopes et al. 2007 ). Many spoilage microorganisms are also pathogenic for humans or indicate the presence of these, as in the case of microorganisms from the family Enterobacteriaceae, which can cause public health problems (Bergey and Holt 1994) . The presence of enteric bacteria is often used as an indicator of possible faecal contamination due to inappropriate processing or post-processing contamination (Tornadijo et al. 2001 ) associated with the handling of the meat and work surfaces. In Brazil, the program of Hazard Analysis and Critical Control Points (HACCP) was established by the Circular No. 369 (Brasil 2003b) on June 2, 2003, set up by the DCI/DIPOA (Control Division of International Trade/Department of Inspection Animal Products, Brazil). The minimum critical control points (CCPs) to slaughter are contamination of carcass by faeces, intestinal content and milk, and no tolerance limit to the presence of these. The same program strongly recommends corrective actions to remove the faecal contamination by cutting of contaminated part and visual inspection. Under normal conditions of slaughter, despite swine carcasses presenting appropriate visual characteristics, they may be highly contaminated because their skin is a major source of contamination (Brasil 2003b) . Currently, European Union (EU) legislation (Regulation EC 2004) laying down specific hygiene rules for foodstuffs of animal origin in Article 3-2, mentions that food companies cannot use any chemical substance other than potable water to remove surface contamination from the products of animal origin. The regulation does not prohibit altogether the chemical decontamination of food of animal origin, but the approval is subject to stringent requirements and can only be authorized after the European Food Safety Authority (EFSA) has performed a risk analysis. However, the standard procedure in other countries involves washing in the housing before the cooling. In Canada, this toilet procedure is performed after the shower washing and before the cooling. Chemical treatments of carcasses are allowed in the United States of America. Thus, studies on maintaining high standards of sanitation during slaughter are of extreme importance for improving the procedures for slaughterhouses in Brazil. Therefore, this study aimed to evaluate the reduction of surface contamination on swine carcasses using water pressure and lactic acid solution.
MATERIALS AND METHODS

Sample Preparation
The experiments were conducted in a pig meat industry located in southern Brazil and with permanent Federal Inspection Service. The effect of different water pressures and concentrations of lactic acid (Table 1) on microbial counts were evaluated (mesophilic bacteria, enterobacteria and Salmonella) on the carcass before and after the last shower (Fig. 1) , before being cooled. Water spray pressure and lactic acid effects in the fecal decontamination of pork carcass The influence of water pressure and lactic acid concentration on faecal decontamination was evaluated by a central composite design -2 2 factorial design with three replications at the central point (Haalan 1989; Jung et al. 2003; Dal Pissol et al. 2013) . The tests were conducted on carcasses that were shower washed (sprayed), located at the end of the evisceration line (Fig. 1) , after the CCP, before entering the pre-cooling system. The independent variables and their levels are given in Table 1 . The microbiological counts were performed after the shower. A manometer-scale bar was installed on the access duct of the shower to regulate the water pressure and the lactic acid spray was performed with a 500 mL applicator.
The swabs were performed after 10 min of lactic acid application. Normal carcasses with no visible sign of faecal contamination were analyzed, as well as those that were purposely contaminated with faeces, according to the procedure described above. In each experiment, sponge swabs were collected from five normal carcasses and five contaminated carcasses, giving a total of 70 carcasses examined at this initial stage of the study. Since lactic acid is not allowed to be used on pig carcasses according to Brazilian legislation, the effects of increasing the water pressure in the shower (8 bars, treatment 8) was studied, which corresponded to two times the pressure used in the initial part of the study. For this stage of the experiment, 24 pig carcasses that were obtained on the day of slaughter were used, with swabs performed on 12 normal carcasses showing no visible signs of any type of contamination and on the other 12 carcasses with a high level of faecal contamination.
Experimental Validation
After evaluating the results of the experiments, analyses were repeated to validate the experiment that gave the lowest microbial count. Microbiological tests were important to validate the best experiment and confirm that this was really effective in controlling microbiological counts on carcasses. The best experimental conditions were evaluated on 30 carcasses, which included 15 with no visible contamination and 15 with visible contamination (treatment 9).
Microbiological analysis
For microbiological analyses, 3M sponge swabs were used, hydrated previously with 10 mL of 0.1% peptone water. The results were expressed as colony forming units per mL (CFU/mL) or its logarithm (log10 CFU/mL).
Mesophiles count
Mesophilic bacterial counts were performed on 3M Petrifilm plates for aerobic bacteria (3M, Sumaré, Brazil). The analysis followed the Brazilian legislation (Brasil 2010) .
Enterobacteria Count
Enterobacterial counts were performed on 3M Petrifilm plates (3M, Sumaré, Brazil), using the validated method (Brasil 2003b 
Statistical Analysis
The results of the microbiological determinations (validation experiments) were subjected to variance analysis, followed by Tukey's test to compare the means of the results at the significance level of 5% (p <0.05). For statistical analysis, the STATISTICA software 7.0 was applied (StatSoft Inc ®, USA).
RESULTS AND DISCUSSION
Evaluation of mesophilic bacteria count in the carcasses Table 2 presents the matrix of the 2 2 factorial designs (real and coded values) and the mesophilic bacterial counts from normal (SC) and contaminated (CC) carcasses. There was a significant reduction in microbial counts in all the experiments compared to the initial count (before CCP) for carcasses that were contaminated. In experiment 2 (2 bars and 2% lactic acid), samples without contamination showed no changes in their microbial counts. Although different carcasses without contamination presented similar counts, certain batches might have had a high level of contamination, explaining the high counts found in some treatments of uncontaminated carcasses. In carcasses contaminated with faecal material, the reduction in microbial counts ranged from 3.03 log in experiment 7 (pressure 3 bars and 1% lactic acid) to 1.37 log in experiment 1 (pressure 2 bars and without lactic acid). In uncontaminated carcasses, except in experiment 2, the reduction ranged from 0.26 log in experiment 1 (pressure 2 bars without lactic acid) to 1.1 log in experiment 5 (pressure 3 bars and 1% lactic acid). Table - Pipek et al. (2006) evaluated under industrial conditions the reduction of psychrotrophic and mesophilic microorganisms on the surfaces of pig carcasses subjected to steam treatment and spraying with 2% lactic acid. The treatment was performed 30 min after the slaughter and the carcasses were evaluated immediately after the treatment and during storage of up to five days. They concluded that the treatment was effective in reducing the surface count immediately and slowed bacterial growth during the storage. Figure 2 shows the Pareto charts with the estimated effects of the variables water pressure (bar) and lactic acid concentration on mesophilic bacterial counts on carcasses with (A) and without (B) contamination. It was observed that increased water pressure together with the use of lactic acid caused the maximum reductions in mesophilic bacterial counts on carcasses without contamination. Table 3 presents the matrix of the 2 2 factorial designs (real and coded values) and the enterobacterial counts on normal (SC) and contaminated (CC) carcasses. There was a significant reduction (p <0.05) in the counts in almost all the experiments with respect to the initial count (before CCP), except in experiment 2 (2 bars and 2% lactic acid) with uncontaminated carcasses, where the count actually increased (0.48 Log CFU/cm 2 ). This was also seen with the mesophilic bacterial counts (Table 2 ) and in experiment 1 (2 bars and no lactic acid) with contaminated carcasses, where the reduction from the initial count was not significant. The enterobacterial reduction ranged from 0.83 (Experiment 1) to 4.01 log CFU/cm 2 (Experiment 5) on contaminated carcasses. In uncontaminated carcasses, except for those in experiment 2, there were reductions varying from 1.87 (Experiment 1) to 2:42 log CFU/cm 2 (Experiment 5). In general, the different treatments were effective in reducing enterobacterial counts in relation to the mesophilic bacteria. These results were similar to those found by Smulders et al. (2012) , who investigated the numbers of enterobacteria, Pseudomonas fragi and Yersinia enterocolitica (6 to 7 log CFU/cm²) in the samples of skin and stomach from pig carcasses subjected to different water pressures and treatment for 15 s with spray water at 55°C. This treatment reduced bacterial counts of the order 2-4 log contamination. The enterobacterial reduction mainly on normal carcasses without contamination was similar to those found by Pearce et al. (2004) , who determined the critical control points in the slaughter of pigs, and Spescha et al. (2006) , who evaluated microbiological contamination of pig carcasses, studying the effects of time (5 to 8.5 min) and scalding temperatures (59-62°C) that reduced enterobacterial counts by 1.7 to 3.3 log CFU/cm 2 . Van Netten et al. (1997) evaluated the surfaces of pig carcasses inoculated in a laboratory, in which a spray of lactic acid was applied, ranging from 1 to 2%, at 55°C for 0.5 min. They observed a significant reduction of aerobic bacteria and enterobacteria from 0.4 to 1.7 log CFU/cm 2 , lower than those found on contaminated carcasses in the present study (Table 3) , which were between 0.83 (Experiment 1) and 2.15 log CFU/cm 2 (Experiment 7). When the lactic acid concentration was increased to 5% at 55°C and the time from 0.5 to 1.5 min, they observed reductions in the aerobic bacterial and enterobacterial counts from 1 to 1.7 and 2.7 log CFU/cm 2 , respectively. These results were similar to those found on the uncontaminated carcasses in this study (Table 3) , with reductions ranging from 1.87 (Experiment 1) to 2.42 log CFU/cm 2 (Experiment 5). Figure 3 shows the Pareto Charts with the estimated effects of the variables water pressure (bar) and lactic acid concentration on enterobacterial counts on contaminated (A) and uncontaminated (B) carcasses. In the contaminated carcasses (A), the increase in water pressure or the use of lactic acid significantly decreased enterobacterial counts. Moreover, lactic acid had a greater effect on reducing counts than increased water pressure on contaminated carcasses. On uncontaminated carcasses (B), only the water pressure had a negative significant effect, reducing the enterobacterial counts, while the lactic acid showed a positive significant effect (p <0.05). Since the initial results showed that lactic acid efficiently removed the bacteria from pig carcasses, along with increased water pressure, and given that Brazilian law would not allow the use of lactic acid, the focus of the study was put on physical treatment only in the later stage of this study, where water pressure in the shower was increased to 8 bars. Figure 4 shows the initial mesophilic bacterial counts in treatment 5 (best experimental condition), treatment 8 (using 8 bars of water pressure) and treatment 9 (validation of results) for the uncontaminated (SC) and contaminated (CC) carcasses. At 8 bars, the mesophilic bacterial count was significantly reduced (p <0.05), compared with the initial count (CC and SC) and treatment 5 (CC). In other words, the application of increased pressure was effective in reducing the mesophilic bacterial count. Moreover, treatments 8 and 9 did not produce significantly different results. These results indicated that washing carcasses with a water pressure of 8 bars could replace the method of cutting out contaminated parts recommended by Circular No. 369 (Brasil 2003a ).
Evaluation of enterobacteria count in the carcasses
Validation of results
Regarding enterobacteria (Fig. 5) , there was also a reduction in the count (treatments 8 and 9), compared to the initial count (CC and SC) and treatment 5 (CC). Treatment with 8 bars reduced enterobacterial counts to acceptable levels (1.03 CFU/m² for SC and 2.30 CFU/m² for CC). However, there was a difference of approximately one log cycle between the uncontaminated and contaminated carcasses after the treatments. In the contaminated carcasses (CC), 8% exhibited no signs of Salmonella. After the application of the 8-bar water pressure, 80% of the carcasses showed the absence of Salmonella. These results indicated that the water pressure significantly decreased Salmonella contamination of the carcasses. In uncontaminated carcasses, 100% showed the absence of Salmonella before the treatment with a water pressure of 8 bars, making it impossible to evaluate the reduction. Bessa et al. (2004) studied the presence of Salmonella sp in the pigs slaughtered at RS, observing that of the 300 pigs sampled, 56% showed the signs of Salmonella sp. The high Salmonella incidence found by different studies indicated the need to apply a treatment on the carcasses to reduce this incidence. The reduction indices obtained in this study showed that washing the carcasses at a water pressure of 8 bars could decrease the incidence of Salmonella. The results presented above were in agreement with the recommendation of the International Commission on Microbiological Specifications (ICMSF) (Gill 2009 ), which indicated that in the case of a cut and rupture of the gut during evisceration, the carcasses should be washed to eliminate the visible contamination. This practice could reduce enteric bacteria (e.g., coliforms, E. coli and Salmonella) in carcasses without apparent contamination.
In general, both the water pressure in the shower and the lactic acid treatment had a positive effect by reducing microbial counts on the surfaces of pig carcasses. The use of 8 bars without lactic acid lowered the mesophilic bacterial and enterobacterial counts on both the contaminated and uncontaminated carcasses and decreased the incidence of Salmonella on contaminated carcasses. These results demonstrated that washing carcasses with a water pressure of 8 bars could replace the method of cutting out the contaminated parts from carcasses, without affecting the microbial quality and reducing the risk of crosscontamination through handling. The technique of removing visible faecal contamination from pig carcasses with drinking water at adequate pressures could be widely applied around the world, contributing to the maintenance of acceptable microbiological quality and minimizing the costs for this food sector.
CONCLUSIONS
Based on the results obtained in this work, both the pressure in the shower and lactic acid had a positive effect by reducing the microbial count on the surface of pig carcasses. The interaction between the pressure and lactic acid resulted the maximum reduction in carcasses surface count for the mesophilic bacteria. With regard to enterobacteria on the contaminated carcasses, the most important variable was the lactic acid concentration, which for the uncontaminated carcasses, was the water pressure. The use of 8 bar pressure of the wash water without lactic acid resulted reduction in mesophilic bacterial count and enterobacteria for both the contaminated and uncontaminated carcasses, with results statistically equal to each other, and significantly lower than the initial counts. The water pressure at 8 bar favored reducing the percentage of presence of Salmonella in contaminated carcasses.
